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Objective, To evaluate the effects of SB 242235, a 
potent and selective inhibitor of p38 mitogen -activated 
protein (MAP) kinase, on joint integrity in rats with 
adjuvant-induced arthritis (AIA). 

Methods, Male Lewis ruts with AIA were orally 
treated cither propbylactically (days 0-20) or therapeu- 
tically (days 10-20) with SB 242235. Efficacy was deter- 
mined hy measurements of paw inflammation, dual- 
energy x-ray absorptiometry for bone mineral density 
(BMD), magnetic resonance imaging (MRT), micro- 
computed tomography (CT), and histologic evaluation. 
Serum tumor necrosis factor at (TNFoc) in normal 
(non*AIA) rate and serum interleukin-6 (TL-6) levels in 
rats with AIA were measured as markers of the antiin- 
flammatory effects of the compound. 

Results. SB 242235 inhibited lipopolysaccharidc- 
stimulated serum levels of TNFa in normal rats, with a 
median effective dose of 3,99 nig/kg. When SB 242235 
was administered to AIA rats prophylacttcally on days 
0-20, it inhibited paw edema at 30 mg/kg and 10 nig/ kg 
per day by 56% and 33%, respectively. Therapeutic 
administration on days 10-20 was also effective, and 
inhibition of paw edema was observed at 60, 30, and tO 
mg/kg (73%, 51%, and 19%, respectively). Significant 
improvement in joint integrity was demonstrated by 
showing normalization of BMD and also by MR! and 
raiero-CT analysis. Protection of bone, cartilage, and 
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soft tissues was also shown histologically. Scrum IJL-6 
levels were decreased in AIA rats treated with the 60 
mg/kg dose of compound. 

Conclusion. Symptoms of AIA in rats were signif- 
icantly rednccd by both prophylactic and therapeutic 
treatment with the p38 MAP kinase inhibitor, SB 
242235. Results from measurements of paw inflamma- 
tion, assessment of HMD, MRI, and micro-CT indicate 
that this compound exerts a protective effect on joint 
integrity, and thus appears to have disease-modifying 
properties. 

SB 242235 is a new member of the pyridinyl 
imidazole class of compounds that has exhibited potent 
antiinflammatory activity (1+-3), Early compounds in this 
class cxcrlcd this activity via inhibition of cyclooxygcn- 
use, S-Iipoxygenasc, and proinflammatory cytokine bio- 
synlhesis (1). Inhibition of cytokine synthesis, however, 
has now been established as" the primary pharmacologic 
action and is unrelated to the ability of the compounds 
to inhibit cicosanoids (4,5). Proinflammatory cytokines 
such as inLerleukin-l (1L-1) and tumor necrosis factor a 
(TNFa) have been shown to play an important role in 
the pathogenesis of rheumatoid arthritis (K A), including 
inflammation (6--8), up-rcgulation of nitric oxide (9) and 
mctalluproieinases (10) t and bone resorption (11). The 
production of these cytokines from iipopolysaccharidc 
(LPSy-stiuiuiated human monocytes and from the hu- 
man monocyte cell line THP-1 is inhibited by the 
pyridinyl imidazoles, with a 50% inhibition concentra- 
tion (IC 50 ) of 50-100 nAf (12,13). 

Recent evidence that cytokines play a key role in 
acute and chronic inflammation lias been provided by 
the demonstration that protein antagonists, such as 11^1 
receptor antagonist and monoclonal antibodies to TNFa 
and its soluble receptor, can interfere with various acute 
and chronic inflammatory responses and are clinically 
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efficacious in RA (14,15). However, the need for orally 
active, small molecular weight compounds that would 
have the same effect as protein agents in inflammatory 
diseases is considerable. 

SB 242235 and related compounds have been 
named cytokine-suppressive antiinflammatory drugs 
(CSAIDs), and the molecular target has been identified 
as the milogen-actrvated protein (MAP) kinase hnmolog 
termed CSAlD-binding protein 2 (CSDP2) (12), p38 
(16), or RK (17,18). The binding of these compounds to 
the target CSBP/p38 protein in THP-T cytosol and the 
inhibition of kinase activity for this recombinant protein 
has been correlated to their inhibition of cytokine bio- 
synthesis (12,13), indicating a role for p38 in the regu- 
lation of cytokine production in response to various 
stimuli (19). Compounds structurally related to SB 
242235 have been shown to attenuate the inflammatory 
components of disease in a number of animal models of 
acute and chronic inflammation in the absence of gen- 
eralized immunosuppression (1,20,21) (examples in- 
clude collagen-induced arthritis [2], adjuvant-induced 
arthritis [AJA] [20], and endotoxin shock [22,23]). In 
addition, inhibition of uitric oxide from lL-l-slimulaied 
bovine cartilage and chondrocytes by the pyridinyl imi- 
dazole SB 203580 has recentty been described (24). 

SB 2422*5, when tested against a panel of repre- 
sentative protein kinases, shows a superior kinase selec- 
tivity profile in comparison with SB 203580. As reviewed 
by Lee et al (25), SB 203580 inhibits p38 isoform a with 
an ICjo of 48 aM (26) and p38£ with an rc 50 of 50 nAf 
(27), as well as JNK201 (LC 5Q 280 aM) and c-raf (IC 5n 
360 r\M) (28). However, SB 242235 is selective in that it 
dcxrs not inhibit ERK and JNK (up to 10 jxM), which are 
Structurally most related to p38 MAP kinase. 

In this report, we have demonstrated significant 
antiinflammatory activity with SB 242235 in rats with 
AIA. This compound is a highly selective p38 inhibitor, 
which, unlike the earlier p38 inhibitor SB 203580 (29), 
has no direct effects on 5-lipoxygenase or cyclo- 
oxygenasc-1 (Griswold D: unpublished observations). 
We have extended our previous findings in this animal 
model, in which we used >SB 203580 (20), by examining 
the efficacy of SB 242235 when administered therapeu- 
tically as well as prophylacticaliy to the AIA rat, a 
protocol reflecting the treatment of RA. "In addition, we 
have utilized the advanced technology of magnetic res- 
onance imaging (MRI) and micro-computed tomo- 
graphy (CT), as well as dual-energy x-ray absorptiometry 
(DEXA) and histology to clearly demonstrate the 
disease-modifying activity that a cytokine inhibitor of 
tills compound class can have in an aggressive model of 
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inflammatory disease. The effects observed in this rat 
model of arthritis indicated that treatment with small 
molecular weight, cytokine-suppressive agents may well 
have beneficial effects in RA. 

MATERIALS AND METHODS 

Animals. Inbred male Lewis raU were obtained from 
Charles River Breeding Laboratories (Raleigh, NQ. Within 
any given experiment, only animals of the same age were used. 
Ail experimental procedures were in accordance wirh proto- 
cols approved by the SmithKlinc Bccchani institutional Ani- 
mal Care and Use Committee, and met or exceeded the 
standards of the American Association for rhe Accreditation of 
Laboratory Animal Care, the United Slates Department of 
Health and Human Services, and all tocal and federal animal 
welfare taws. 

Materials* SB 242235 was synthesized at Smith Kline 
Beech am (Philadelphia, VA). For in vivo experiments, SB 
242235 was administered orally in 0.03N HCl-0.5% tragacanth 
(Sigma, St. Louis, MO). Indomethacin was from Sigma. 

LPS»indu<xd TNFor production. Normal (non-AlA) 
rats were orally administered SB 242235 in acidified tragacanth 
at various times prior to challenge with LPS (3-0 mg/kg 
inrrapcritoncalry). Ninety minutes later, the animals were 
killed by CC 2 inhalation, and hlood samples were collected by 
cardiac puncture into heparinized tubes and stored on ice. The 
blood samples were ecntrifuged and die plasma collected and 
stored at 20°C until assayed for TNTc* by specific enzyme- 
linked immunosorbent assay (FXJSA) (23). 

ELISA method. TNFor levels were measured using a 
sandwich ELISA* which utilized a hamster monoclonal anti- 
murinc TNFa (Gcnzyme, Cambridge, MA) us the capture 
antibody and a polyclonal rabbit anti-murinc TNFa (Gen- 
zyme) as the secondary antibody. For detection, a pcroxidasc- 
conjugaled goat anti-rabbit antibody (Pierce, Rockford, IL) 
was added, followed by a substrate for peroxidase. TNPci levels 
in the plasma samples from each animal were calculated from 
a standard curve generated with recombinant murine TNFa 
(Gcnzymc). 

Induction of arthritis. AIA was induced by a single 
injection of 0.75 mg of Mycobacterium bufyricum (t>ifco, 
Detroit, MI) suspended in paraffin oil, into the base of the tail 
of male Lewis rats ages 6-8 weeks (weights 160-180 gm). 
Hindpaw volumes were measured by a water displacement 
method on day 16 ancVor day 20 (30). Test compounds were 
homogenized in acidified n.5% tragacanth (Sigma) and admin- 
istered orally in a volume of 10 ml/kg. Control AIA animals 
were administered vehicle (tragacanth) alone. Two dosing 
protocols were used: prophylactic dosing (3, 10, and 30 mg/kg/ 
day) in (dated on the day of adjuvant injection, and therapeutic 
administration (10, 30, and 60 rngftg/day) initiated on day 10. 
Indomethacin whs included as, ti positive control (0.3 mg/kg 
prophylacticaliy and 0.5 mg/kg therapeutically). 

Change in paw volume is presented as the mean und 
SEM of 10-12 animals per group, and the percentage inhibi- 
tion of hindpaw edema was calculated as follows: 

[AIA (treated)"] 
Al A (contro l )J X ™< 
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where AIA (treated) and AIA (control) represent the mean 
paw volume (in ml) (minus the value in the normal non-AIA 
control) in rats treated with SU 242Z35 and rats treated with 
vehicle alone, respectively. For statistical analysis, paw volumes 
of rats treated with SB 242235 were compared with those of the 
untreated AIA controls by Student's /-lest. 

Bone mineral density (BMD) measurement. Animals 
were killed on day 21 and the hindlimbs removed and fixed in 
70% cthanot. BMD of the distal tibia was detennincd by 
DEXA using the Hologic QDR-1000 equipped with high- 
resolution scanning software (Hoiogic, Waliham, MA). (Dual- 
ity control of the instrument was carried out each day prior to 
sample analysis by scanning both u human anthropomorphic 
spine phantom (low resolution) and the lumbar portion of u rat 
spine (high resolution), both of which were embedded in 
metbylmethacrylale. All high- resolution scans were carried out 
with the sample placed on top of an acrylic block, 1.5 inches 
deep. The x-ray beam was colli mated to a diameter of 1.27 mm, 
and line spacing and point resolution were 0.25 mm and 0.127 
mm, respectively. Scans were made of the distal tibia region of 
excised bones stored in 70% el Hanoi in a square plastic 
container. The depth of the liquid was constant for all samples 
and sufficient to cover the limbs by -0.5 inches. 

BMP, as wcD as bone mineral content (BMC) and 
bone area, were determined for the distal tibia. The region of 
interest was defined as the area between a line drawn parallel 
to the proximal edge of the calcaneus and a second line drawn 
perpendicular to the long axis of the tibia midway between the 
first line and the point where the tibia meets the fibula. The 
point of connection between the fibula and tibia had to be 
approximated in some samples with low BMD. The width of 
the region of interest was kept constant between samples. 

Magnetic resonance imaging. All MRI studies were 
carried out on a 9.4-Tesla AMX spectrometer with micro- 
imaging accessories (Broker Instruments, Billerica, MA). 
Coronal sections (250 j*m thick) of rat tibiotarsal joints were 
imaged with an in-plane resolution of 70 X 70 ^m. A rime to 
recovery of 1 second and an echo time of 7,5 ms were used, 
with a data matrix of 256 X 256. The morphologic changes in 
the joint architecture of the AIA control rats were compared 
with those in the normal, non-AIA controls and AIA rats 
treated with SB 242235. The joints were graded as the percent- 
age of joints with no protection (i.e., severe disease, similar to 
AIA controls), moderate protection, or Significant protection 
(i.c, similar to normal, non-AIA Control animals). 

Micro-CT imaging. All x-ray micro-CT images of the 
Intact rat ankle joints were obtained on a micro-CT scanner 
(Scanco Medical, Aucnring, Switzerland). A total of 380 slices 
covering a length of 12.9 mm (34 pin thick), with an in-plane 
resolution of 34 x 34 n-m and an integration time of 8u 
ms/projection. yielding a total imaging time of 5 hours, were 
collected from each joint. The raw micro-Cr images were 
gauss filtered (sigma ~ 1.2, base = 2) and binarized using a 
constant threshold for alf the samples. Only the region around 
the tibiotarsal joint was rendered for 3-dimcnsional display. 

Histology. Tibiotarsal joints from randomly selected 
animals from the following 3 groups of rats were examined 
histologically: normal, non-ATA rats, AJA control rats, or AIA 
rats treated orally with SB 242235 at 60 mg/kg/day. Rats were 
killed on day 21 by CO ?> administration, and then the hind legs 
were fixed in formalin and decalcified in Cal-Rite (Richard- 



Truile I. Determination of optimal prctrcatmem lime for inhibition 
of I..PS-induccd TNFa production in cats by S6 242235* 



Treatment 


Fretrcatmcnt 
time, hours 


TNFa. pg/ml 


Inhibition. 


Vehicle 




37,182 2.2.791 




SB 242235 


4 


11,236 2: J ,<J27 


70f 




3 


6,8*7 r 1.997 


81 1 




2 


4,318 ± 428 


88t 




1 


2.375 * 449 


94t 



• A single dose of SB 242235 (15 mg/xg) or vehicle (05% tr*g*cnntli 
in 0-03N HQ) was given orully to normal rats at various limcR prior TO 
challenge with lipopolysaeehiiride (LPS; 3 mg/kg inc/aperituneulry). 
Ninety minutes later, the animals were killed nnci plasma collected. 
Tumur necrosis factor (TNFa) levels were determined by specific 
enzyme-linked immunosorbent assay, and the results ore expressed as 
the mean i SEM of f> rata per grpup. 
t P < Q.0OI versus ireairneni with vehicle alone. 



Allen Scientific* Kalamazoo, tyil) and the feet were removed 
from the legs at the distal tibial diaphysis. After routine 
processing, the feet were embedded and coronal sections were 
cut in the plane midway through the tibiotarsal and tarsotarsal 
joints. Sections were slained with Safranin O and counter- 
stained with fast green. 

Qioassay for 1L-6. Serum samples were collected from 
the rats on day 21 following C0 2 administration* 1L-G levels 
were determined using the previously described B9 bioassay 
(31). Briefly, B9 cells (5 X 10 3 cells/well in 96-well, nHt-bottorn 
plates) were cultured with serial dilutions of rut scrum in a 
final volume of 100 jri of RPMI J 640 (Flow Laboratories, 
Ruckvillc, MD) containing 10% fetal bovine serum, 100 
units/ml penicillin, 100 Mg/mi streptomycin, and 2 nW 
ij-g!utamine (Grand Island Biological, Grand Island, NY). 
After OS houn, 0.5 *tCi of 3 H-thymidine was added to each 
well and the plates incubated for 6 hours At 37°C, Cc\k> were 
harvested and the radioactivity incorporated was determined. 
IL-6 was quantitated from a standard curve including Icnown 
amounts of rat TI^6 (0.1-100 pg/ml). f39 proliferation was 
unaffected by any agents used in this study. 

RESULTS 

Inhibition of TNFa in normal rats. To determine 
an optimal prelreaiment time for inhibition of LPS- 
indnccd TNF« production in vivo, SB 242235 at a dose 
of 15 mg/kg was administered orally to normal rats at 
various times (4, 3, 2, and 1 hours) prior to LPS 
challenge (3 rng/kg, intrapcritoneally). TNFa production 
was inhibited significantly (p < 0-001 versus treatment 
with vehicle alone) at all time points (70%, 81%, 88%, 
and 94% inhibition, respectively) (Tabic 1). A median 
effective dose (riD 50 ) was determined for SB 242235 in 
rats at a pretreatinent time of 2 hours. SB 242235 at 
doses of (0, 5, and 2.5 mg/kg, administered orally in 
normal rats, significantly inhibited the LPS-induced pro- 
duction of TNFa (80% [P :< 0.001], 68% [P < 0.001], 
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Table 2. JnhiNtion of LPS-iiiducetl TNF« production in normal rots 
by SB 242235* 



Treatment 


Oral dose, 
mg/kg 


TNTor, pg/ml 


Inhibition, % 


Vehicle 




70,661 ± fi,32Z 




SB 242255 


10 


13.933 ± 3.027 


sot 




5 


22,316 f 7.68S 








SUUi 7.318 





■ A single dose of compound or vehicle (0.5% tragacanth with 0.03N 
HCI) wok given orally 2 hours prior tn challenge with lipopoiysaccha- 
ride (LPS: 3 mg/kg intra peri tnnc ally). Ninety minutes later, the 
animals were killed and plasma collected. Tumor necrosis factor a 
(TNFa) levels were determined by Specific Crtzyirje-Iinked immunosor- 
bent assay, and the results are expressed as the mean ± S£M of 6 rats 
per group. The median effective 0O5C was calculated, by linear 
regression analysis, to be 3.Vv mg/kg, orally, with 05% confidence 
limits of 2.19-5.82. 

t P < 0.001 versus treatment with vehicle alone. 
%P < 0.05 versus treatment with vehicle alone. 



and 28% [P < 0.05] inhibition, respectively, versus 
treatment with vehicle alone) (Table 2). 

Effect of prophylactic and therapeutic treatment 
with SB 242235 in AJA rats. Paw inflammation. The 
effect of SB 242235 was evaluated wing the prophylactic 
dosing protocol, in which the compound was adminis- 
tered to male Lewis rats starting on the day of adjuvant 
injection. SB 242235 was administered in acidified tra- 
gacanth on a daily basis, and paw inflammation was 
measured on day 20. On day 21 the animals were killed 
and the hindlimbs were taken for measurement of BMD 
and for MRI. The data hi Table 3 show that SB 242235 
effectively inhibited paw edema in the AIA rat, with an 



Table 3. Inhibition of paw edema in rats with adjuvant-induced 
arthritis (AIA) by SB 242235* 



Oral doRC, 

Treatment group mg/Kg Pnw volume, ml Inhibition, % 



Normal, non-AlA 




1.56 




0.03 




Vehicle-treated AlA 




3.30 


•». 


0.18 




control 












SB 242235-ireated AIA 


30 


2^3 




0.12 


56t 




10 


2,72 




0-19 


33* 




3 


l<)5 




0.2V 


205 


iDdomcthflcin-trcatcd 


03 


2.4ft 




0.14 


47f 


AJA 













♦ AIA was induced by an injection of 0.75 mg of Mycobacterium 
butyricttttl in paraffin oil (Frcund's complete adjuvant) into the base of 
the tail Of male l>cwis rats. AIA rats were treated DTophylaclically with 
SB 242235 on days 0-20, and hindpaw volumes (mean r SEM of 10 
rats per group) were measured by water displacement on day 20. 
IP < U.IKH versus vehicle-treated AlA controls. 
$P < (Mil versus vehicle-treated AIA controls. 
9 P not significant versus vchic)e-l rented AIA conlrols. 
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AIA 3 10 30 60 IrwJo 

SB 242235 (mg/kej) °- 5 "fl^fl 

Figure L Therapeutic activity of SB 242235 on paw edema in 
adjuvant-induced arthritis (AIA) m Lewis rata. Rats were treated with 
SB 242235 in acidified tragacanth at 3, It), 30, and 60 mg/leg orally or 
with vehicle alone (AIA controls) from day 10 to day 20, and paw 
edema was measured prior to killing of rats on day 21. Values arc the 
mean 2 SEM of J 2 rats per group (with inhibition expressed as a 
percentage of AIA controls). 0.01 and 0.001 

versus AIA controls, ns = not significant; Indo = mdomelhacm. 



ED^ of -30 mg/fcg and a minimal effective doss of 10 
mg/kg, 

SB 242235 was also tested in the AIA rat using a 
therapeutic dosing protocol, which was used to more 
closely represent the treatment of RA in huraaus. In 
these experiments, rats were immunized with adjuvant 
on day 0 and treated with compound on days 10-20 
(daily). Using this protocol, hindpaw inflammation was 
inhibited by 73% at 60 nig/kg {P < 0.001 ), by 51% at 30 
mg/kg (P < 0-001), and 19% at 10 mg/kg (P < 0.01) 
compared with treatment with vehicle alone (Figure 1). 
There was no activity at 3 mg/kg. 

Bone mineral density. BMD was determined by 
DEXA using the Hologic QDR-1000 equipped with 
high-resolution scanning software. Scans were made of 
the distal tibia obtained from the animals on day 21, 
BMD, as w cll as BMC and i?one area, were determined. 
Bone integrity of normal control rats was assigned a 
value of 100%, and that of AlA control rats a value of 
0%. Compared with the normal, non-AJA control rats, 
animals treated prophylactically with 30 mg/kg and 10 
mg/kg of SB 242235 showed a significant normalization 
of BMD and BMC. There was 49% (P < 0.001) and 23% 
(P < 0.05) normalization of BMD at the 30 mg/kg and !I0 
mg/kg doses, respectively, and a 44% {P < 0.001) and 
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Figure 2* Bone densitometry evaluation of the ditfol tibia in AIA rats 
treated with SB 242235. Rats were treated with various dows of 
compound on days 0-20 (prophylactic) or duys 10-20 (therapeutic). 
Values are the mean und Si£M of 12 rats per group (with changes 
expressed as a percentage of normal controls [assigned a value of 
100%]). A and H, Boee mineral density (BMD) and bone mineral 
content (BMC) of rats treated prophylactically. C and 13, BMD and 
BMC of rats treated therapeutically. * = P <. (105, ♦ * = P < 0.01, and 
* * « = p <. cj.<H)» versus normal controls (N). Sec Figure 1 lor other 
definition*. 

28% (P < 0.05) normalization of BMC, respectively, at 
those doses (Figures 2A and B). 

Following therapeutic treatment^ in which ani- 
mals were dosed starting on day 10 following adjuvant 
injection and then dosed daily until day 20, there was 
also a significant normalization of BMD and BMC. 
lliere was 53% (P < 0,001) and 32% (P < 0.001) 
normalization of BMD at the 60 mg/kg and 30 mg/kg 
doses, respectively, and a 50% (P < 0.00 1) and 33% 
(P < 0.01) normalization of BMQ respectively, at these 
doses (Figures 2C and D). 

Magnetic resonance imaging. The morphologic 
changes in the joint architecture of AIA rats were 
assessed by MR1 and compared with those in normal 
(non-AIA) control rats and in AIA rats treated thera- 
peutically with SB 242235. Ex vivo MR images were 
obtained in the intact left and right tfbiotarsal Joints 
from normal* non-AIA rats (n " 6), AIA control rats 
(n =» 12), and AIA rats treated with SB 242235 (30 
oig/kg, n = 10; 60 rug/kg, n ™ 12) or with indomethacin 
(0.5 mg/kg, n « 10). The images were ranked as showing 
either significant protection (no change from control), 
moderate protection, or no protection observed (similar 
to AIA controls), SB 242235 demonstrated a dose- 
related efficacy, with 60% of the joints being protected 
at 30 mg/kg and 80% being protected at 60 mg/kg 
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Figure 3. Magnetic resonance imaging of tibioiur&il joints of AIA rat* 
created therapeutically with SB 242235 (n = 10 at 30 mg/kg; n = 12 at 
60 mg/kg). Data are the percentage of joints showing moderate, 
significant, or no protection by SB 242235 compared with AIA controls 
(n = 12) or normal controls (n =* 6; data not shown), n = 10 AIA rata 
treated with indomethacin at 0.5 mg/kg. See Figure 1 for defini lions. 



(Figure 3). In comparison, in the indomethacin- treated 
group, <30% of the joints were protected. 

Figure 4 shows images of joints from 4 rats from 
the control, non-AIA group, from the AIA control 
group, and from the ATA rats treated with SB 242235. 
The joints from the normal rats (Figure 4A) exhibited 
intact joint architecture. The distal tibia, fibula, and talus 
were well defined and there was no edema* The joints 
from the AIA control group (Figure 4B) exhibited 
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Figure 4. Representative cnmnnl magnetic resonance images of txb- 
iotarxal joints from A, normal, non-AIA rats; H, rats with AIA; and C, 
rats with AIA treated with SB 242235 at 60 moykg- Sec Figure » for 
definitions. 
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rats were seel toned through the tibiotarsai and tarsotar- 
sal joints and examined lor pathologic changes to the 
soft and connective tissues. Photomicrographs of a joint 
from a normal nit, a rat challenged with adjuvant and 
then treated with vehicle (AIA control), and from AIA 



Figure 5, Micro-Computed tomography views (coronal and taujltal) 
of rat tibiotarsai joints rendered in representative 3-diraenjiional 
images. A-C Coronal views of a libioturbul joint from & normal, 
n On- AIA rut* an AlA control rut. and un AIA rat treated therapeuti- 
cally with SB 242235 (60 mg/kg), respectively. The distal tibia (DT)» 
distal fibula (OF), and the talus (T) can be clearly visualized in the 
images. Significant bone-related damage can be seen hi the image of 
the joint from the AJ A control rat as compared with the joint from the 
normal rat. and significant protection Ls apparent with SB 242235. TM% 
Sagittal views of the sume joints as those shown in A-C. Sagittal images 
afford clear visualization of the calcaneus (C}» where a significant 
amount of destruction has taken place. Again, significant protection is 
afforded by treatment with SB 242235. See Figure 1 for other 
definitions. 



significant damage as well as swelling, and there was a 
marked loss in cortical as well as trabecular bone. The 
joints from the SB 242235-treated group (Figure 4C) 
exhibited significant inhibition of damage, and closely 
resembled the joints from the normal, non-AIA controls. 

Micro-CT. The micro-CT images afforded a vivid, 
nondestructive visualization of the hone changes that 
occurred over the entire tibiotarsai joint. Coronal and 
sagittal views of the joints are shown in Figure 5. Images 
of a normal rat joint (Figures 5 A and D) showed intact 
joint architecture as well as normal bone surfaces. The 
various bones that constitute the joint, namely, the distal 
tibia/fibula, talus, and die calcaneus, were clearly re- 
solved. The joint from the AJA control rat (Figures 5B 
and E) showed marked erosion of several bone surfaces, 
especially at the junction of the distal tibia and fibula 
and also along the length of the calcaneus. Degenerative 
changes were also visible On the talus. The images of the 
joint from an AIA rat treated with SB 242235 (Figures 
5C and F) showed the protective effects of the com- 
pound in inhibiting the degenerative changes. Isolated 
regions of bone erosion could be visualized, but the 
integrity of the joint architecture was clearly preserved. 

Histology. For histologic evaluation, randomly 
selected limbs from the controls and treated groups of 



Figure 6, Photomicrographs of rat tibiotarsai joints. A and B, A 
normal tibiotarsai joint from a don-AIA rat. Articular cartilage is 
stained with Safrauin O (pink), and other tissues are stained blue/ 
green. The articulation of the distal tibia and the proximal tarsus runs 
vertically through the ccntcT of the image. Note the normal joint 
architecture. C and T>, Coronal section of a tibiotarsai j«mt from a 
vehicle-treated control AIA rat. E and F, A tibiotarsai joint from an 
AIA rat administered 0.5 nig/kg/day iadomctliacin on days 10-20. 
Compared with the vehicle-treated AIA joint, treatment with indo- 
mcthacin has limited the severity of the joint destruction. Numerous 
osteoclasts arc evident on the subchondral hone surfaces. CJ and U, 
Coronal section of a tibiotarsai joint from an AIA rat administered 60 
mg/ky/day SB 242235 therapeutically on days 10-20. Note that com- 
pared with the joint from the AIA control rat, joint integrity has been 
significantly maintained with SB 242235. See P%ure I fur definitions. 
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raLs treated with either indomethacin or SB 242235 are 
shown in Figure 6. Joint architecture of a normal joint is 
shown in Figures 6A and B. In the AIA control joint 
(Figures 6C and D)> all of the original bone and marrow 
bad been replaced by granulation tissue and newly 
formed woven bone. Remnants of articular cartilage 
were evident and the former joint space had been 
infiltrated with granulation tissue. A representative joint 
from an AIA rat treated with indomethacin is shown in 
Figures 6E and F. When compared with the vehicle- 
treated joints, all joints examined from Che 
indomethacin- treated group demonstrated some protec- 
tion of joint integrity. Bone destruction and the replace- 
ment of marrow with granulation remained extensive 
throughout the tibia and tarsus. However, loss of pro- 
teoglycan from the articular cartilage was attenuated. A 
tibio tarsal joint from an AlA cat treated therapeutically 
with SB 242235 is shown in Figures 6G and H. in all of 
the joints examined from the rats administered SB 
242235, there was a clear protective effect on the joint 
integrity. Treatment resulted in protection of the joint 
space, articular surfaces, proteoglycan loss, and sub- 
chondral bone architecture. 

Serum /L-6. 11^6 has been shown to be increased 
markedly in different biologic fluids in patients with 
autoimmune disease, particularly those with RA (32- 
34), and the level in various inflammatory compartments 
appears to be a sensitive marker of disease activity. After 
therapeutic administration of SB 242235, there was a 
significant inhibition of this cytokine at the 60 mg/kg 
dose, but not at the lower doses (Figure 7). 

DISCUSSION 

The p38a MAP kinase, a member of the MAP 
kinase family of serine-threonine protein kinases, was 
first identified as a protein kinase activated in mouse 
macrophages in response to LPS (16), Subsequently, 
CSBP2, the human ortholog of p3H, was identified as the 
molecular target of the pyridinyl imidazole class of 
antiinflammatory agents. The inhibition of p38 MAP 
kinase and subsequent inhibition of the synthesis of a 
number of important proinflammatory proteins has 
been identified as the primary mechanism contributing 
to the antiinflammatory activity of these compounds. 
Examples of Inhibited cytokines arc IL-t and TNFa, 
1L-6, 1L-8, and granulocyte macrophage colony- 
stimulating factor, but not granulocyte colony- 
stimulating factor or IL-1 receptor antagonist 
(12,13,25,35). 

The p38 pathway and the closely related JNK and 
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Figure 7* Inhibition of scrum levels of mtcrtcukin-G (IL-6) in AIA rats 
treated with SB 242235. Rats were administered SB 242235 orally from 
day 10 to day 20. Scrum ILrG levels were measured on day 21. Values 
are the mean - SEM of 12 animals per group (with inhibition 
expressed as a percentage of AIA controls). *** = />< o.OOi versus 
AIA controls. See Figure 1 for other definitions. 



ERK kinase signaling pathways are commonly associ- 
ated with the early stages of host response to injury and 
infection, and their potential role in various pathologic 
conditions has made them targets for therapeutic inter- 
vention. The p38 MAP kinase signaling pathway is 
activated by a variety of stressful stimuli, including heal, 
ultraviolet light, LPS, inflammatory cytokines (IL-1 and 
TNF), and high osmolarity (16). When activated, p38 
phosphorytatcs a number Of down-Stream substrates, 
which include kinases (MAPKAP K2 and K3, MST, 
MSK, PRAK) and transcription factors (CHOP, MEF2, 
CREB, and ATF2), and subsequently regulates the 
synthesis of several cytokines believed to be responsible 
for inflammation and tissue destruction in diseases such 
as RA. The pyridinyl imidazoles, by virtue of their 
inhibition of p38 kinase, have been shown to inhibit 
cytokine biosynthesis at both the transcriptional and 
tTanslational level; however* at present, comprehensive 
mechanisms detailing all of the Steps involved in cyto- 
kine regulation ate unknown. 

In general, the pyridinyl imidazole class inhibits 
the 2 splice forms of p38 (CSBPI and CSBP2) as well as 
another homolog of p38 kinase, p38£2 (36), but not the 
closely related p38? or p386\ JNK, and ERK protein 
kinases. Although SB 20358(1 inhibits JNK201 and c-raf 
(28), a large number of other serine-threonine or ty- 
rosine protein kinases are unaffected (36). Similar to SB 
203580, SB 242235 inhibits CSBP/p38« MAP kinase 
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(ICsq O.J i*M) and p3802 MAP kinase (IC^ 1 yM), but 
not p3o*7 or p386 MAP kinases. In contrast to SB 
203580, SB 242235 does not inhibit JNK201 and ERK2 
(Lee JC et at: unpublished observations). The mecha- 
nism of action of these p38 inhibitors is to compete with 
ATT by forming a 4-fhjorophenyL binding pocket be- 
hind, and orthogonal to, the site normally occupied by 
the adenine ring of ATP (37). 

Our previous studies with another member of this 
family of p38 inhibitors, SB 203580, showed it to be an 
effective antiinflammatory agent in the ALA rat when 
administered prophylactically (20), and also demon- 
strated that the antiinflammatory and disease-modifying 
activity was unlikely to be due to immunosuppression 
since little to no suppression was observed in mouse 
models of immune function (20,21 ). However, the eval- 
uation of its activity when administered therapeutical ty, 
a more relevant model for RA, was not performed. In 
addition, although improvement in bone density by 
DEXA was observed, closer examination of joint integ- 
rity using imaging technologies such as MRI and 
micro-CT was also not performed. 

In the studies described in the present report, we 
have shown that SB 242235 is a potent inhibitor of 
LPS-induced TNFa production in the plasma of normal 
rats. The optimal pretreatment time was 1-2 hours, 
although highly significant activity was seen 4 hours 
postdosing. SB 242235 demonstrated excellent inhibi- 
tory activity with regard to TNFr* production after oral 
administration of a range of doses. The BD^o for inhi- 
bition of LPS-stimulatcd TNFa was 3.99 mg/kg given 
orally. The compound also inhibited LPS-induced TNFa 
production in the mouse with a potency similar to that in 
the rat (data not shown). 

Antiinflammatory activity was observed in ATA 
in Lewis rats when SB 242235 was administered orally at 
10, 30, and 60 mg/kg either prophylactically or therapeu- 
tically. There was a 73% inhibition of paw edema and a 
53% normalization of BMD at the <30 mg/kg therapeutic 
dose, and 51% inhibition of paw edema with 32% 
normalization of BMD at the 30 mg/kg dose. This is 
significant activity for a small molecule cytokine inhibi- 
tor in such an aggressive arthritis model. Additional 
evidence for disease- modifying activity for the com- 
pound was provided by the obvious improvement ob- 
served in the MR images, in which 80% of the joints 
were significantly protected by treatment at the 60 mg/kg 
dose. In addition, micro-CT technology, which is 
uniquely suited for comprehensive 3-dimcnsional analy- 
sis of bone-related changes in the AIA rat, showed clear 
protection with SB 242235. This was particularly appar- 
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cnt in the distal tibia and the calcaneus. This is the first 
report describing the utility of this technology to evalu- 
ate joint integrity in the AIA rat. Histologic evaluation 
of representative joints showed that treatment resulted 
in protection of the joint space, the articular surfaces, 
and the subchondral bone structure, although synovial 
inflammation was still apparent. SB 242235 treatment at 
the 60 mg/kg dose also reduced circulating levels of 11^6. 
Previous studies in vitro have shown inhibition of TL-T) 
production from LPS -stimulated human monocytes, 
with an IC S0 of L2 \iM (Lee JC ct alt unpublished 
observations). 

The protection afforded by SB 242235 is consid- 
erable when compared with the nonsteroidal antiinflam- 
matory drug (NSAID) indomethacin. Although indo- 
methacin does have some bone -protective effects in the 
AIA rat, they are not significant. There was no improve- 
ment in BMD measurements compared with the ar- 
thritic controls following therapeutic treatment with 
indomethacin, and histologic evaluation indicated that, 
whereas protection of the Cartilage was apparent, bene- 
ficial effects on bone were minimal. In addition, whereas 
NSAJDs have antiinflammatory effects in RA patients, 
they do not protect the bone from damage. Of particular 
relevance is die fact that indomethacin does not inhibit 
TNFa production in vitro or in vivo (Griswold D: 
unpublished observations), whereas this is a hallmark of 
CSAID activity. Inhibition of TNFa by these compounds 
makes them very attractive candidates for treatment of 
RA, particularly since inhibition of TNFa using mono- 
clonal antibodies to the cytokine or its soluble receptor 
are clinically efficacious in RA (14,15). 

The profile of activity described here for SB 
242235 suggests strongly that orally active, small molec- 
ular weight cytokine inhibitors could provide significant 
benefit in the treatment of chronic inflammatory dis- 
eases such as RA. 
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